This paper introduces a new intuitionistic fuzzy hierarchical group decision-making (IFHGDM) model for the cross-docking location selection problem. The model is based on intuitionistic fuzzy modified group complex proportional assessment and group order preference by similarity to ideal solution, structuring in a multiple-level hierarchy. A new intuitionistic relative index is then proposed by representing closeness to the ideal points to evaluate and rank the most appropriate cross-dock among a set of potential alternatives for the management application in distribution systems.
Introduction
Cross-docking is introduced as a new logistics concept by hybridizing intermediate nodes into a distribution system. Through cross-docking, numerous shipments between suppliers and retailers are consolidated so that economies of transportation and deliveries of just in time (JIT) are properly considered [1] [2] [3] [4] [5] . The warehousing process in the cross-docking center, including unloading, scanning and sorting, transporting, value adding services and loading, often conduct in less than 48h. In fact, different products are not received and kept for longer periods 2, 4 .
A challenging decision problem from long-term strategic in cross-docking distribution systems concerns the cross-docks location. The issue is to determine the best cross-dock location from a discrete set of candidate locations so that logistics managers can reduce the additional investment costs of redesigning the distribution system. An inappropriate selection of crossdocking center location may result in excessive transportation and handling costs, a shortage of qualified human resource, and inability to meet demand.
There are numerous published papers on warehouse/facility location problem in the last two decades. For instance, Colson and Dorigo 6 designed a public warehouses selection support system (PWSS) software to assist industrial users for analyzing a classical data based on public warehouses, in which different items of information are provided on each warehouse. Partovi 7 developed an analytic model for the facility location by providing three tools, including quality function deployment (QFD), analytic hierarchy process (AHP) and analytic network process (ANP), and this study regarded both external and internal evaluation factors according to sustain competitive advantage. Tzeng and Chen 8 introduced a location model via a fuzzy multi objective approach. The optimization model determines the number and locations of fire stations for an international airport. Chen 9 considered a multicriteria decision-making (MCDM) method to solve the problem of distribution center location selection in a fuzzy environment. Chao and Lin 10 presented a twophase decision method based on the fuzzy AHP to assess advanced quay cranes in container terminals. Vahdani et al. 11 combined the reliability model for the facility location in the network design of closed-loop supply chain.
Since the cross-docking center location is an interesting subject in long-term planning, some researchers are recently turning to this concept in the distribution systems, and they try to develop efficient techniques to facilitate the process. Ratliff et al. 12 designed a mixed-integer linear programming model, in which the ideal number and location of cross-docking are obtained in the distribution system. Gue and Kang 13 introduced a model for staging queues in cross-docking and provided simulation results for several configurations. Bermudez and Cole 14 developed a meta-heuristic approach based on the genetic algorithm for assigning doors within less-than-truck-load break bulk terminals in order to minimize the total weighted travel distance. Murty et al. 15 considered several interrelated decisions made during daily operations at terminals of cross-docking centers. Jayaraman and Ross 16 defined an evaluation problem of the facility location for determining the opening/operating number of crossdocking centers and origin spots with minimizing transportation costs and the fixed costs of the facilities. Chen et al. 17 proposed a local search algorithm for assigning deliveries in the routes of a cross-docking distribution system based on two well-known metaheuristics, namely simulated annealing and tabu search. Makui et al. 18 provided a multi-objective nonlinear location allocation model to determine the location of cross-docking centers, the capacities and the routing of products through the system. Ross and Jayaraman 19 concentrated on the previous location problem in Jayaraman and Ross 16 , and they presented two hybrid meta-heuristics as solving approaches on the basis of the simulated annealing.
The review of the literature in the cross-docking location indicates that the published papers take account of the mathematical modeling and heuristic approaches in this field. Also, the uncertainty issue does not consider in the previous works. In fact, the final values for the assessment of cross-docking as potential alternatives versus conflicting criteria can be fuzzy numbers with the merits of dealing with uncertain conditions. In addition, the conventional approaches to the cross-docking location selection problem tend to be less effective to tackle the imprecise or vague nature of linguistic assessments. In numerous real-life situations, values of the qualitative factors or criteria are often presented imprecisely by logistics decision makers (DMs) or experts. Due to knowledge limitations and
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Copyright: the authors 92 time constraints, the hesitancy often happens where an individual DM tries to solve such a complex logistics decision problem with uncertainty. To cope with the imprecision in information and judgments, the expression of uncertainty and vagueness can be described by the intuitionistic fuzzy set (IFS) that is characterized by three main functions, including membership, non-membership and hesitancy, which was first introduced by Atanassov in 1986 20 . Some researchers have recommended this modern fuzzy set, and have reported more suitable results than traditional fuzzy sets to represent an individual's judgment and information in the decision-making problems in recent years 21 -25 . Indeed in real-life logistics applications, the IFS as an appropriate solution with ill-known membership grades and a generalization of the traditional fuzzy set can be properly taken into consideration for representing hesitation of the DMs or professional experts for decision-making problems in distribution systems. Xu 26 proposed a model based on Pythagorean fuzzy sets (PFSs) based on TOPSIS method to cope with the uncertainty in real conditions of complex decisionmaking problems. A score function was defined to recognize Pythagorean fuzzy positive and negative ideal solutions. Then, a revised closeness was developed to obtain the optimal candidate. Also, some new operational laws of the PFSs as powerful fuzzy sets in the study were presented, and their desirable properties were reported. Also, Zhang and Xu 31 focused on a soft computing approach by considering maximizing consensus and fuzzy TOPSIS method to solve complex MCDM problems by considering interval-valued intuitionistic fuzzy (IVIF)-sets and the group decision making (GDM) process. In this soft computing approach, the values of evaluation criteria utilized the form of IVIF-numbers and weights of criteria were completely known; however, weights of the experts or DMs were partially known or completely unknown. Three main advantages of this soft computing approach were as follows: 1) providing an optimization approach according to the maximizing consensus in order to obtain the weights of experts by defining the consensus index from the viewpoint of the ranking of decision information; (2) developing the conventional TOPSIS method to determine optimal candidates from the viewpoint of magnitude of decision information; and (3) hybridizing the multi-choice goal programming to provide the optimum quantities of the optimal candidates. The selection problem of cross-docking location in distribution systems can be regarded in multi-criteria analysis framework under an intuitionistic fuzzyenvironment; a set of alternatives (i.e., cross-docking locations) are provided to be evaluated versus specific criteria (attributes), including labor costs, travel time between cross-dock and suppliers (retailers), skill levels, availability of labor and government restrictions and policies. In reality, the relative importance of individual experts or DMs against a decision-making criterion is not usually equal. Also, logistics experts can assign importance weights to the identified criteria. Consequently, the selection can be conducted through the group decision-making (GDM) process along with the modern fuzzy sets theory that is affected by the degree of expertise and knowledge of such individual logistics experts or DMs. An effective method for aggregating the various influences of individual judgment, evaluation, and performance rating from several logistics DMs must be considered in the cross- This paper presents a new intuitionistic fuzzy hierarchical group decision-making (IFHGDM) model for the cross-docking location selection problem. The proposed model is based on modified complex proportional assessment (COPRAS) and order preference by similarity to ideal solution (TOPSIS) methods, which are introduced by a group of logistics experts or DMs to tackle cross-docking location decision-making and/or selection problems based on the IFS-theory. The characteristics of the alternatives and conflicting criteria are represented by the IFSs. The proposed IFHGDM model utilizes the truth-membership function and non-truth-membership function to denote and provide the degrees of satisfiability and nonsatisfiability of each cross-docking center (alternative) versus a set of criteria, respectively. In addition, it allows the logistics experts or DMs to have two degrees of membership and non-membership for the relative importance of each criterion. In the proposed model, linguistic variables are considered and applied to capture fuzziness in decision information and the GDM process by means of an IFS-decision matrix by considering the hierarchical structure. In the GDM process under uncertainty, an aggregation of the logistics experts' judgments is important to appropriately conduct the evaluation process. Thus, intuitionistic fuzzy weighted averaging (IFWA) operator is employed to aggregate all individual DMs' judgments for the performance rating of the crossdocking centers (alternatives) versus each criterion and the relative importance of the criteria. Then, a new intuitionistic relative index is introduced on the basis of the concept of the closeness to the ideal solutions under an intuitionistic fuzzy-environment. It also overcomes the difficulties arising from the classical COPRAS method in the intuitionistic fuzzy environment. The proposed IFHGDM model provides a useful way to assist the logistics experts or DMs to make his/her decision of cross-docking location in distribution systems. Finally, a real application in chemical industry is presented to report the applicability of the presented IFHGDM model via group decision-making process for the cross-docking location selection in distribution systems under uncertainty.
The main innovations to distinguish efforts of this paper from those already published on the subject in distribution systems are as follows:
An intuitionistic fuzzy hierarchical analysis is presented to solve the location selection problem of large-sized cross-docking in order to make the solutions of the complex logistics decision problem easy and understandable. A relative importance of each cross-dock location as well as a utility degree of each cross-dock location as potential alternative is introduced under an intuitionistic fuzzy environment to obtain the best alternative's ranking among potential alternatives and to indicate, as a percentage, the extent to which one cross-docking center location is better or worse than other location alternatives regarded for the comparison.
A new intuitionistic fuzzy relative index is introduced for evaluating and ranking the location alternatives of cross-docking centers by representing closeness to the ideal points. Proposed IFHGDM model enables the logistics experts or DMs to provide a reduced criterion determining the overall efficiency of each crossdocking center location under an intuitionistic fuzzy environment. Generalized criterion can be directly proportional to an intuitionistic fuzzy relative effect of the values and intuitionistic fuzzy weights of criteria on the efficiency of each cross-docking center location. Proposed IFHGDM model has the ability to determine a complete ranking of cross-docking centers under an intuitionistic fuzzy environment by indicating the position of each center location, and the ability to deal with logistics evaluation criteria by considering positive and negative influences and those of quantitative and qualitative natures.
The remainder of this paper is organized as follows. Sections 2 to 4 discuss the definitions and main steps of classical COPRAS method, TOPSIS method and IFSs. The proposed IFHGDM model and the procedure are described in Section 5. Section 6 presents a real application in chemical industry for the cross-docking location selection problem in distribution systems. Conclusions and implications for future research are provided in Section 7.
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Multiple criteria complex proportional assessment (COPRAS) method
The COPRAS method was first introduced and developed by Zavadskas and Kaklauskas 32 , which is the method of multiple criteria complex proportional evaluation. It is an effective evaluation approach that tries to rank each alternative described in terms of a number of criteria, their significance and utility degree. In fact, this method selects the best decision by considering both the positive and negative ideal solutions. The positive ideal solution (PIS) is regarded as a solution that makes an attempt to minimize the cost criteria and makes an attempt to maximize the benefit criteria; whereas, the negative ideal solution (NIS) makes an attempt to maximize the cost criteria and makes an attempt to minimize the benefit criteria. The so-called benefit evaluation factors are those for maximization, while the cost evaluation factors are those for the minimization. The best alternative is the first candidate, which is closest to the PIS and farthest from the NIS. The procedure of the complex proportional evaluation method includes the following steps 32 :
Step 1. Select an available set of important criteria, which describes alternatives or candidates.
Step 2. Prepare the decision-making matrix ( X ) for an MCDM problem, in which Step 3. Take each relative importance (weight) of factors or criteria j q .
Step 4. Normalize the decision-making matrix X . 
In Eq. (6), u is number of benefit criteria.
Step 7. Compute sums ) ( i R of criteria values. The smaller values are more preferable for each alternative or candidate as follows:
Step 8. Obtain the minimum value of i R .
Step 9 Step 10. Provide the priority of each alternative or candidate. The greater significance (relative weight of alternative) i Q , the higher is regarded as the priority of the alternative. In the case of max Q , the satisfaction degree is regarded as the highest.
Step 11. Compute the utility degree of each alternative or candidate.
%, 100 
Order preference by similarity to ideal solution (TOPSIS) method
The TOPSIS method is first introduced and developed by Hwang and Yoon 33 . The PIS is regarded as a solution that tries to minimize the cost criteria and tries to maximize the benefit criteria whereas the NIS tries to maximize the cost criteria and tries to minimize the benefit criteria. The so-called benefit evaluation factors are those for maximization, while the cost evaluation factors are those for minimization. The best alternative is regarded as the first one that could be closest to the PIS and farthest from the NIS. Suppose that a MCDM problem has m alternatives or candidates ( where, ij r is the normalized rating of each factor.
Step 2. Step 3. Take the positive ideal and negative ideal solutions by:
and
where, b and c are the sets of benefit evaluation factors and cost evaluation factors, respectively. 
Step 5. 
Step 6. Rank the alternatives or candidates by considering their relative closeness to the ideal solution. The bigger the i RC , the better the alternative i A is. The best alternative is the candidate with the greatest relative closeness to the ideal solution.
Intuitionistic fuzzy sets
Let X be a universe of discourse. Concept and definition of traditional fuzzy sets introduced by Zadeh in 1965:
whose basic component is regarded as a membership degree ( ) with the non-membership degree being 1 ( ). However, in real-life situations when DMs or experts are asked to describe his/her preference degree to an object, there may exist an uncertainty or may consider a hesitation about the degree, and there is no means to include the uncertainty or hesitation in a traditional fuzzy set 34 . To solve this issue, Atanassov 20, 21 has generalized Zadeh's fuzzy set to the IFS by adding an uncertainty (or hesitation) degree. The IFS is defined as follows. IFS A in a finite set X can be written as 35 :
where ( ), ( ): [0,1] are membership function and non-membership function, respectively, such that
A third parameter of the IFS is ( ), known as the intuitionistic fuzzy index or hesitation degree of whether belongs to A or not
It is observed that for every :
If the ( ) is small, knowledge about is more certain. If ( ) is great, knowledge about is more uncertain. Obviously, when ( ) = 1 ( ) for all elements of the universe, the ordinary fuzzy set concept is recovered 36 .
Let A and B denote two IFSs of the universe of discourse X, where 
Definition 4. Let A and B be two IFSs. Multiplication operation between A and B can be defined as:
Also, Chen 38 defined subtraction and division operations as follows:
Definition 5. Let A and B be two IFSs. Subtraction operation between A and B can be defined as:
. (24) Condition:
. Let A and B be two IFSs. Division operation between A and B can be defined as: 
where 
Notably that intuitionistic fuzzy numbers and their mathematical expressions have been used in the following section, originally introduced by Xu and Yager 23 .
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Proposed IFHGDM model for the crossdocking location selection problem
In this section, the proposed IFHGDM model is presented for the cross-docking location selection problem in distribution networks. The proposed model is structured in a multiple-level hierarchy under uncertainty by a group of logistics experts or DMs which is based on the COPRAS and TOPSIS methods with the new IFS theory.
Proposed intuitionistic fuzzy group modified COPRAS
Let be a set of cross-docking center location (alternatives) and let be a set of logistics assessment factors or criteria for the cross-docking location decision problem, where
Assume that the characteristics and features of the cross-docking center location or candidate are given by the IFS shown as below:
where indicates the degree which the cross-docking center location or candidate satisfies logistics assessment factor or criterion , indicates the degree to which the candidate or alternative does not satisfy factor or criterion, and indicates the intuitionistic fuzzy index or hesitation degree of the alternative versus factor (( , , , ), = 1,2, … , ; = 1,2, … , ). The procedure of proposed intuitionistic fuzzy group COPRAS method is given for the cross-docking location selection problem as follows:
Step 1. Determine a relative importance or weight of each expert for the cross-docking location selection problem.
Assume that a group of experts or DMs for the cross-docking center location selection problem. The importance of the DMs described in linguistic terms can be represented in intuitionistic fuzzy numbers. Let = [ , , ] be an intuitionistic fuzzy number to express the performance rating of kth DM. Then the relative importance (weight) of kth DM can be computed as 41 :
and = 1.
Step 2. Construct aggregated intuitionistic fuzzy decision matrix regarding to opinions of the logistics experts or DMs. In the GDM process, all the individual decision opinions need to be combined into group judgments to obtain aggregated intuitionistic fuzzy decision matrix. In order to do that, IFWA operator proposed by Xu 42 is employed. = × , where
.
Here, = , , , = 1,2, … , ; = 1,2, … , .
The aggregated intuitionistic fuzzy decision matrix based on the opinions of logistics experts can be provided as follows:
Step 3. Obtain weights of evaluation factors or criteria for the cross-docking location selection problem.
All factors or criteria may not be assumed in the GDM process of the cross-docking location selection problem to be equal importance.
represents a set of grades regarding to the relative importance. In order to calculate , all judgments of logistics experts for the importance of each evaluation factor or criterion need to be hybridized. 
= , , … , . Here, = , , , = 1,2, … , .
Step 4. Provide aggregated weighted intuitionistic fuzzy decision matrix.
After determining the weights of evaluation factors or criteria ( ) and aggregated intuitionistic fuzzy decision matrix for the cross-docking location selection problem, as aggregated weighted intuitionistic fuzzy decision matrix is provided as follows:
So that , , =
Step 5. Calculate values of sums ( ) for evaluation factors as follows:
In Eq. (33), u donates number of benefit factors or criteria; in the decision-making matrix columns of the cross-docking location selection problem, it is assumed that first of all columns are placed benefit evaluation factors or criteria and ones which cost evaluation factors or criteria are placed after.
Step 6. Calculate values of sums ( ) for evaluation factors, in which smaller values can be more preferable and suitable for each cross-docking center location (alternative) as follows:
(34)
Step 7. Calculate the minimum value of :
Step 8. Compute the proposed modified intuitionistic fuzzy relative weight of each alternative( ) as follows:
The IFSs have two different concepts unlike conventional fuzzy sets: membership function and nonmembership function. With utilizing the operations of the IFS, particularly minus operation through the classical COPRAS to extend a new version of this method in an intuitionistic fuzzy environment, the calculation of the Q i as the relative weight of each crossdocking center location (alternative) will face some difficulties in the calculations. For instance, this means that the value of R i /R min according to Eq. (9) in an intuitionistic fuzzy environment leads to unreasonable ranking of the cross-docking center location. In other words, the most utility is obtained for the worst alternative, which is not logical; therefore, the classical relative index in an intuitionistic fuzzy environment has not enough efficiency. Hence, in this paper a new modified intuitionistic fuzzy relative index is introduced under uncertainty that dissolves the above-mentioned difficulties under the intuitionistic fuzzy environment, and affects the ranking of alternatives desirably with respect to the evaluation factors or criteria.
Step 9. Determine the maximum value of . = max , min .
Step 10. Determine the priority of each center location candidate or alternative. The greater significance or relative importance of candidate , the higher is the priority of the potential center location candidate. In the case of , the satisfaction degree is the highest for the cross-docking location selection problem.
Step 11. Compute the utility degree of each center location candidate or alternative.
where and are denoted as the significance of center location alternatives, computed by Eqs. (36) and (37).
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Proposed intuitionistic fuzzy group modified TOPSIS
The procedure of proposed intuitionistic fuzzy group TOPSIS method is given for the cross-docking location selection problem as follows. The GDM process of the proposed group TOPSIS method with intuitionistic fuzzy setting can be performed by steps 1 to 4, presented in sub-section 5.1. The next steps are described as below:
Step 5. Provide intuitionistic fuzzy positive-ideal solution and intuitionistic fuzzy negative-ideal solution.
Let and be benefit evaluation factors or criteria and cost evaluation factors or criteria, respectively. denotes intuitionistic fuzzy positive-ideal solution and denotes intuitionistic fuzzy negative-ideal solution. Then and are computed by the following relations: , min .
Step 6. Compute the intuitionistic separation measures for the cross-docking location alternatives.
In order to measure separation between center location alternatives on the IFS, distance measures according Definition 8 is employed. After selecting the distance measure, the separation measures, and , of each center location candidate or alternative from intuitionistic fuzzy positive-ideal and negative-ideal solutions are computed. We have:
Step 7. Compute the relative closeness coefficient of each cross-docking center location to the intuitionistic ideal solution.
The relative closeness coefficient of each center location candidate versus the intuitionistic fuzzy positive-ideal solution is defined as follows:
where 0 1
Step 8. Rank the potential center location candidates or alternatives.
After obtaining the relative closeness coefficient of each alternative, potential center location alternatives are ranked regarding to descending order of .
Proposed intuitionistic fuzzy hierarchical group model
The canonical COPRAS and TOPSIS methods do not regard a hierarchical structure between main criteria and sub-criteria. These methods assess and rank the potential alternatives versus only main factors or criteria with a single level. The proposed IFHGDM model is presented for the cross-docking location selection problem to take the advantages of the hierarchical structure of the AHP method and easiness of implementation for the compromise solution methods (i.e., COPRAS and TOPSIS). The proposed IFHGDM model is easy to implement, and its calculations are faster than canonical MCDM methods to cope with uncertain conditions in distribution systems. Assume that there are n main criteria, m sub-criteria, candidates or alternatives, and s respondents for the cross-docking location selection problem. Each main criterion has rsc i sub-criteria where the total number of sub-criteria m is equal to . The first intuitionistic fuzzy matrix(I ), provided by Eq. (43), is built regarding to the intuitionistic fuzzy
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where is the arithmetic mean of the intuitionistic fuzzy weights assigned by the respondents and is obtained by Eq. (44):
where denotes the intuitionistic fuzzy evaluation score of pth main criterion versus goal evaluated by the ith respondent in the GDM process of the center location selection problem. The second matrix ( ) represents the relative importance of the sub-criteria versus the main criteria. The intuitionistic fuzzy weights vector provided by are regarded as above this as illustrated in Eq. (45). where is the arithmetic mean of the intuitionistic fuzzy weights assigned by the respondents in the GDM process of the center location selection problem; it is computed by Eq. (46).
where is the weight of ith evaluation sub-criterion versus pth main evaluation criterion evaluated by the ith respondent.
The third matrix ( ) is established by the scores of the potential center location candidates or alternatives versus the evaluation sub-criteria. The weights vector provided by is presented above this as in Eq. (47). 
In , is the arithmetic mean of the intuitionistic fuzzy scores in the GDM process of the center location selection problem, assigned by the respondents; it is computed by the following relation:
where is the intuitionistic fuzzy evaluation score of qth center location alternative versus ith sub-criterion under pth main criterion in the GDM process, assessed by ith respondent.
After obtaining , the proposed hierarchical structure for the cross-docking location selection problem is provided to be integrated with the proposed intuitionistic fuzzy group modified TOPSIS or the proposed intuitionistic fuzzy group modified COPRAS explained in sub-sections 5.1 and 5.2, respectively.
A real application for hierarchical group decision making in cross-docking location selection
In this section, the proposed IFHGDM model is applied to a real cross-docking location selection problem in distribution systems for chemical industry in Iran. The problem of cross-docking location selection involves a
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Selecting the most proper cross-dock among potential alternatives has great importance for logistics managers in the distribution systems. However, it is difficult to select the most suitable center location by considering different features under conflicting evaluation factor or criteria. To assess and select the best cross-dock location, the proposed IFHGDM model is employed in detail. Studied company is the leading producer of chemical products. Top managers in the company are trying to be pioneer of innovation in the chemical industry. The studied company introduces more than nine types of products and then distributed in several cities. In this paper, we take into account five possible cross-dock locations for the chemical company as new warehousing systems. We do not report more chemical products' details since the chemical company has reserved the information as confidential. Logistics experts of the studied company have participated voluntary for the evaluations based on the proposed IFHGDM model in this research. The interviewees have a minimum of fourteen years of experience in the chemical industry, and include marketing, R&D, and financial managers.
Implementation
As an initial step, a group of logistics experts or DMs is established for the GDM process of the cross-docking location selection problem under an intuitionistic fuzzy environment (DM 1 , DM 2 and DM 3 ). With a preliminary work, the professional group determines five possible cross-dock locations by considering the needs of the distribution systems. Then, five main evaluation criteria, namely costs (C 1 ), markets (C 2 ), government influence (C 3 ), infrastructure (C 4 ) and labor resource (C 5 ) are taken into account in the evaluation and selection process in an intuitionistic fuzzy environment. An overall view of the hierarchy of the GDM problem for the cross-docking location is presented in Fig. 1 .
Linguistic variables are utilized for the relative importance of selected evaluation criteria and the DMs for the cross-docking location selection problem as given in Table 1 . The importance degree of the logistics experts or DMs and the weight of evaluation factor or criteria are provided for the location decision-making process in Tables 2 to 4 , respectively. Then, three DMs express the linguistic variables illustrated in Table 5 in order to assess the performance rating of five crossdocking centers as potential modern warehousing alternatives versus five selected criteria; their results are presented in Table 6 . 
After rating each cross-docking center location alternative with respect to each factor or criterion by three DMs, the aggregated intuitionistic fuzzy decision matrix is obtained based on the DMs' judgments in Table 7 . The weighted intuitionistic fuzzy decision matrix is then obtained for the cross-docking location selection problem as illustrated in Table 8 . Table 9 shows the computational results by the proposed intuitionistic fuzzy group modified COPRAS by considering the , , the modified relative weight of each cross-docking center location alternative ( ) and for each alternative versus selected evaluation criteria. The ranking of five cross-docking center location alternatives is finally taken based on as follows: The above-mentioned results for the cross-docking location selection problem is also obtained by the proposed intuitionistic fuzzy group modified TOPSIS. The computational results are provided in Table 10 .
According to Tables 9 and 10 , the best cross-docking center location alternative is A 2 , and its utility degree and relative closeness coefficient have the highest values. It means that the needs of the DMs and the logistics managers are satisfied the best. In fact, the second cross-docking center location for the chemical company assessed by using the proposed IFHGDM model, based intuitionistic fuzzy group modified TOPSIS and COPRAS methods, is more desirable to the DMs' predefined objectives and is better than other available cross-docking center locations. The logistics managers in the chemical distribution systems also adjust choices in accordance with their knowledge, experience and preference by taking into consideration the acquired results. 
Discussion of results
The computational results illustrate that the proposed IFHGDM model based intuitionistic fuzzy group COPRAS and TOPSIS is able to solve the complex multi-criteria group problem for evaluating and ranking the cross-docking center location alternatives. The proposed IFHGDM can provide a new applicable framework to utilize the MCDM within cross-docking location selection problems under uncertain environment by a group of logistics experts. The model takes the advantages of the intuitionistic fuzzy logic and gives a systematic approach under uncertain conditions. Proposed IFHGDM model introduces a new intuitionistic fuzzy relative index based on the measure of closeness to the ideal solution, and avoids the difficulties and errors arising from the extension of classical COPRAS method in the intuitionistic fuzzy environment. Also, the proposed IFHGDM model can evaluate and rank the potential cross-docking center location alternatives based on a relative closeness to the intuitionistic ideal solution. A comparative analysis is performed between the proposed IFHGDM models based on intuitionistic fuzzy group modified COPRAS method and intuitionistic fuzzy group modified TOPSIS method. Computational results of the intuitionistic fuzzy group TOPSIS are given in Table 10 , according to the separation measures and relative closeness coefficient of each cross-docking center location alternative. By considering Tables 9 and  10 , it is observed that the ranking of five cross-docking center location alternatives versus five selected criteria are the same, where A 2 is the first rank and A 5 is the fifth rank in the location selection problem for the crossdocking distribution systems under multiple criteria. Proposed intuitionistic fuzzy group modified COPRAS and TOPSIS methods have relatively simple computations and straightforward under uncertain conditions in order to select the best center location alternative in the complex group decision-making process. Both methods can handle multiple conflicting criteria properly. Two intuitionistic fuzzy modified group decision-making methods are based on the concept of ideal solutions with intuitionistic fuzzy setting. They evaluate and select the logistics decisions by considering both the fuzzy-positive and negativeideal solutions. The compromise solution obtained by these methods can help the logistics managers or DMs to reach a final decision for a complex decision-making and/or selection problem versus conflicting evaluation factors. The compromise solution provided by these two methods is an appropriate solution, which could simultaneously satisfy the closest to the intuitionistic fuzzy positive-ideal solution and the farthest from the intuitionistic fuzzy negative-ideal solution. The logistics experts or DMs can easily utilize the proposed intuitionistic fuzzy group modified COPRAS and TOPSIS methods in a multiple-level hierarchy to assess the center location alternatives and can easily make the best decision in an intuitionistic fuzzy environment. Finally, the comparison among previous methods 9, 33, 43 and the proposed IFHGDM model is summarized in Table 11 . 
Conclusion
The problem of selecting cross-docking location can be considered as one of the important decision in the logistics management. The decision can be effectively made under uncertain conditions within the multiple criteria analysis framework. Complex group decision making by considering the multi-criteria copes with uncertain and insufficient information, and the modern fuzzy sets theory is suitable way to deal with the conditions of cross-docking distribution systems. Being a generalization of the fuzzy set, the intuitionistic fuzzy set (IFS) allows logistics experts or decision makers (DMs) to provide an additional possibility in order to represent imperfect knowledge by two functions of truth-membership and non-truth-membership in order to simultaneously indicate the degrees of satisfiability and non-satisfiability. This paper presents a new intuitionistic fuzzy hierarchical group decision-making (IFHGDM) model for the alternative' evaluating and ranking of the cross-docking center location in the complex logistics decision-making and/or selection problems for the distribution systems. The IFHGDM model is based on the proposed intuitionistic fuzzy group modified COPRAS and TOPSIS methods. This new intuitionistic fuzzy model in a multiple-level hierarchy through the group decision-making process is more adequate to deal with uncertainty than conventional approaches in the cross-docking networks.
In the complex assessment process, the rating of each cross-docking center location alternative with respect to each evaluation factor or criterion and the weight of each factor or criterion are linguistic variables as characterized by intuitionistic fuzzy numbers. First, intuitionistic fuzzy weighted averaging (IFWA) operator is utilized to aggregate judgments of logistics experts or DMs. Second, a new intuitionistic fuzzy relative index is presented based on the incorporated fuzzy approach and concepts of positive-ideal and negative-ideal solutions in the distribution systems to solve the group decision-making problem of crossdocking distribution systems. It avoids the difficulties and errors arising from the extension of classical COPRAS method in the intuitionistic fuzzy environment. Then, the utility degree of each center location alternative under uncertainty is obtained. The proposed IFHGDM model can satisfy the closest to the intuitionistic fuzzy positive-ideal solution and the farthest from the intuitionistic fuzzy negative-ideal solution, and finally the center location alternatives are ranked based on the main intuitionistic fuzzy operations. Finally, the intuitionistic fuzzy hierarchical analysis is utilized to solve the large-sized cross-docking location selection problem in order to make the solutions of the problem easy and understandable. Furthermore, an attempt has been made to explore the applicability and capability of proposed IFHGDM model in the chemical distribution systems. A real application in chemical industry is presented through the cross-docking location selection problem for the multi-echelon distribution network. The IFHGDM model leads to an indisputable preference order through the method of multiple criteria group complex proportional evaluation and group order preference by similarity to ideal solution. For future research, the proposed fuzzy hierarchical group decision-making model can be developed to handle uncertain conditions, (1) 31 study to take advantages of an optimization approach according to the maximizing consensus to obtain weights of logistics experts or managers, determining the optimal candidates from the viewpoint of magnitude of decision information, and hybridizing the multi-choice goal programming with interval-valued intuitionistic fuzzy (IVIF) sets.
